OBJECTIVES: The aim of this study was to analyse the early and long-term results of completion pneumonectomy (CP).
INTRODUCTION
Completion pneumonectomy (CP) is defined as complete removal of the remaining lung tissue after a previous ipsilateral lung operation [1] . Compared with standard pneumonectomy, CP is considered to be associated with high mortality and morbidity rates because of severe adhesion and difficulty in dissection of hilum caused by previous lung resection [2] [3] [4] . Therefore, some surgeons have recommended that this procedure should be performed only by experienced hands and in carefully selected patients [4] [5] [6] . Recurrence of lung cancer, primary lung cancer with previous lung resection, second primary lung cancer, recurrent metastasis and benign lung diseases with previous lung resection are common indications for CP and, in the current study, we defined the procedure in such instances as conventional CP (CCP). CCP is usually conducted months or years after previous surgery. In a few circumstances, CP is conducted several days or weeks after primary surgery because of severe early complications. For the purposes of the current study we defined the procedure in such instances as rescue CP (RCP). There are a few published reports of instances where CP has been performed because of early complications of primary surgery for other elective operations. The purpose of this study was to evaluate the short-term and long-term results of CCP and RCP.
MATERIALS AND METHODS
Fifty-six consecutive patients who received CP from January 2003 to July 2013 in Shanghai Chest Hospital were retrospectively reviewed. The study group comprised 41 (73.2%) male and 15 (26.8%) female patients, with a mean age of 54 (25-74) years. The patients were eligible for CP if they had a predicted postoperative forced expiratory volume in 1 s of >1 l/s (or >40%). All the patients were carefully assessed and had no regional or distant metastasis. Chest and brain computed tomography scans, technetium bone scans and ultrasound scans of abdomen were performed as part of the preoperative assessment. In recent years, positron emission tomography and computed tomography scans have also been an option for preoperative staging. Smoking was absolutely forbidden for at least 2 weeks before surgery. Blood glucose and blood pressure also needed to be under good control. A daily sputum volume of <50 ml was required for patients with productive sputum, such as that resulting from bronchiectasis, before the operation. For patients with severe consequences of bronchopleural fistula (BPF) after primary lung resection, such as uncontrollable aspiration pneumonia or uncontrollable massive haemoptysis, RCP was indicated. However, for patients with serious contralateral lung infection, RCP was not considered. For RCP, all the stumps were covered with autograft (muscle, pericardium, pleura, etc.). A 34-French chest drain was inserted into the chest cavity before closure of the thorax.
Postoperatively, all the patients were sent to surgical intensive care unit until their condition was stable. Epidural analgesia or intravenous analgesia was used for pain control. A daily fluid infusion volume <1500 ml was required for at least 3 days. In general, daily drainage <300 ml is the indication for chest tube removal for CCP cases in our institution. For RCP cases with clear drainage and negative chest fluid culture, the chest tube was still under consideration for removal. All the clinical and pathological data were obtained from hospital charts. Survival information was retrieved from the patients' medical records or phone contact with the patients or their relatives. For malignant cases, the patients were staged according to 2009 The International Union Against Cancer (UICC) nomenclature. The criterion for discriminating second primary lung cancer from local recurrence or metastasis was adopted from that proposed by Martini and Melamed [7] . A second primary tumour was either a tumour with different histology or, if histology was the same, the disease-free interval between cancers was >2 years or the second cancer was in a different lobe but with no tumour cells in common lymphatics or extrapulmonary metastasis at the time of diagnosis.
STATISTIC ANALYSIS SPSS 13.0 software was used for statistical analysis. χ 2 and Fisher's exact tests were used to determine differences in proportions. Student's t-test was used to test the differences in parametric data. The survival curve was analysed by using the Kaplan-Meier method and the Breslow test was used to examine the statistical differences. P <0.05 was considered statistically significant.
RESULTS
There were 45 CCP and 11 RCP in this report. The demographics of patients are given in Table 1 . The characteristics of primary surgery are given in Tables 2 and 3 , whereas characteristics of CP are given in Tables 4 and 5 . One CCP case had video-assisted thoracoscopic surgery. The other 55 cases had posterolateral thoracotomy, using the previous skin incision. In addition, we chose the same inter-costal space as used for primary surgery to enter the chest cavity. Among CCP, there were 25 recurrent lung cancer cases, 11 second primary lung cancer, 3 metastatic lung cancers, 1 first primary lung cancer and 5 benign cases. For RCP, 3 cases underwent the operation because of massive haemoptysis after BPF, whereas 8 cases underwent the operation because of uncontrollable ipsilateral aspiration pneumonia after BPF.
The total postoperative mortality and morbidity rates were 8.9 and 44.6%, respectively. In the CCP group, 1 patient died following cardiac arrest with an undefined cause on postoperative Day 1, and a second patient died of disseminated intravascular coagulation after multiple organ failure. In the RCP group, 3 patents died of respiratory failure after contralateral lung infection. The perioperative data of CCP and RCP between benign CCP and malignant CCP are given in Table 6 . In CCP cases, the morbidity rate was significantly higher in benign cases than in malignancy (80.0 vs 27.5%, P = 0.04). The operation time tended to be longer in benign cases (233.2 vs 188.4 min, P = 0.10). Massive bleeding rates during the operation and cardiac arrhythmia rates were significantly higher in benign cases (100 vs 37.5%, P = 0.01; 80 vs 22.5%, P = 0.02). The overall morbidity for CCP was not related to sex (P = 0.74), age (P = 0.80), side of operation (P = 1.00), smoking history (P = 0.35), diabetes (P = 0.24), hypertension (P = 0.71), or preoperative chemotherapy or radiotherapy (P = 0.83). In RCP cases, 5 had mechanical ventilation because of unstable respiratory status before having RCP. The mortality rate was 60% for respiratorilyunstable patients. In univariate analysis, postoperative mortality was related to advanced age (P = 0.046) and preoperative mechanical 
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X. Pan et al. / Interactive CardioVascular and Thoracic Surgeryventilation (P = 0.03). However, it was not related to smoking history (P = 0.49), hypertension (P = 1.00), side of operation (P = 1.00), operation time (P = 0.14), blood loss during operation (P = 0.74), cardiac arrhythmia (P = 0.06), lung infection (P = 0.24), BPF (P = 0.49), empyema (P = 1.00) or deep venous thrombosis (P = 1.00). All the patients were completely followed up from 4 to 102 months (average 34.1 months). The overall 5-year survival rate was 80% for benign diseases and 30% for lung malignancy. The survival for each stage was different (median 60.0 vs 35.0 vs 10.0 months, I vs II vs III, P < 0.01, Fig. 1 ). In CCP for lung malignancy, prognosis was better for a time interval (between primary surgery and occurrence of lesion) of >2 years (median 60.0 vs 18.0 months, P < 0.01, Fig. 2 ). There was no difference in survival rate between patients with squamous cell carcinomas compared with those with adenocarcinomas (P = 0.47).
DISCUSSION
CP is a technically demanding procedure with high morbidity and mortality rates. During the late 20th century, Massard et al. [8] and McGovern et al. [9] reported that the intraoperative mortality rate had reached 5%, whereas Miller et al. [2] and Jungraithmayr et al. [10] reported that the hospital mortality rate had reached approximately 20%. However, with improvements in operative technique, anaesthesia and postoperative care, intraoperative and posteroperative mortality rates have decreased substantially over recent years. Recent research [4, 11] revealed that the intraoperative mortality could be reduced to 0%, which was in accordance with our results even in RCP cases. Puri et al. [12] reported a hospital mortality rate of 11%, whereas Zhang et al. [13] reported one of 9.78%. A relative large data set [14] comprising 6 international institutions revealed a mortality rate of 10.3%. In the current study the postoperative mortality rate for CCP was 4.4%, which was similar to that reported by Terzi et al. [5] and Regnard et al. [15] . However, there are limited published reports on RCP. In this study 11 cases of RCP were conducted with a mortality rate of 27.3%. Therefore, RCP could be viewed as a high-risk procedure. An early paper by Terzi et al. [16] reported that mortality of CP because of an early complication of sleeve resection reached 54%. Muysoms et al. [17] reported a hospital mortality of 37.5% for CP because of early complications of a primary operation. Both sets of authors considered RCP to be a high-risk procedure that was completely different from CCP. In our study, we found that advanced age and preoperative mechanical ventilation were related to an unfavourable outcome. Miller et al. [2] and Tabutin et al. [18] also reported that advanced age was related to unfavourable outcomes, based on multivariate analysis. In our study there were 5 respiratorily unstable patients on mechanical ventilation before RCP, and the hospital mortality rate was 60% in this group. Sometimes, the decision to conduct the RCP is difficult to make because of the extremely high risk. In addition, it is also difficult to determine the optimal moment to perform surgery. However, based on our experience, it is better to intervene early before the respiratory status becomes unstable.
The overall morbidity for RCP reached 90.9%. BPF occurred in 36.4% and pyothorax occurred in 63.6% of all RCP cases. All RCP cases were conducted because of BPF of primary surgery. Therefore, these patients were at high risk of pleural cavity infection. We suggest that high BPF and pyothorax rate resulted from a preoperative infectious condition. In our institution, for RCP cases with clear chest drainage and negative chest fluid culture, the chest tube was still under consideration for removal. Otherwise, permanent chest drainage was indicated. Two patients were discharged without a chest tube and 6 patients were given permanent drainage.
In CCP, the overall morbidity for benign diseases was significantly higher than that of malignant diseases (80.0 vs 27.5%, P = 0.04). The operation time was longer in benign cases. The arrhythmia rate and massive bleeding rate in operation were significantly higher for benign cases. Miller et al. [2] also showed that morbidity rate was higher in benign cases. In addition, Puri et al. [12] reported a morbidity rate of 100% in benign CP cases, which was significantly higher than the 44.4% in malignant CP cases. Therefore, the operation for benign CP cases was more challenging than for malignant diseases. Chataigner et al. [4] reported that the mortality rate was higher in right-side cases than in left-side cases. However, there was no significant difference in morbidity and mortality left-side and right-side cases in our study which is similar to previous reports [5, 13, 14] . The overall 5-year survival for benign diseases in our study reached 80%. Cardillo et al. [14] reported that the overall 5-year survival was 37.6% for all cases and 70.1% in benign diseases. Fujimoto et al. [19] reported that the 5-year survival was 57% for all patients and 65% for those with benign indications. In our institution, the surgical indication is strict for benign CP cases. For example, when bronchiectasis affects the contralateral lung, the patient is not indicated for CP because the contralateral lung infection could be dangerous postoperatively. Therefore, our benign CP cases were highly selected and fully assessed preoperatively, and our results were comparable with previous reports. By contrast, the relative small number of benign cases could also generate some bias in this research. The overall 5-year survival for malignant diseases was 30%, and the survival for each stage was different (P < 0.01). We further found that survival was better in patients with a time interval (between primary surgery and occurrence of lesion) of >2 years (P < 0.01). Guggino et al. [20] also reported a better survival in patients with a interval between both events exceeding 2 years. Cardillo et al. [13] observed significantly better survival in patients with squamous cell carcinomas than in those with adenocarcinomas (48.9 vs 23.9%, P = 0.04). However, we did not find any significant survival difference between these 2 cell types.
In conclusion, CP is an operation with high risk, especially in cases of RCP. Advanced age and mechanical ventilation before the operation were related to higher mortality rates in patients undergoing RCP. CCP for benign cases was related to higher postoperative risk, but with good survival. For lung malignancy, survival was better for a time interval between primary surgery and lesion occurrence of >2 years.
